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ABSTRACT

Patential evapotranspiration (PET) data are being used for estimation of crop waler reguire-
ment and mapping the irigation need. Modified Penman method, requires extensive data and use of
complex formulae and thus there is 3 need to find 2 simple refation requiring limited data, The PET
values for a 6-year period as estimated by four empirical relations namely Thornthwaite, Hargreaves,
Ture and Baier were compared with that estimated by Penman method, Thornthwaite, Turc relations
have over-estimated and relation of Baier under-estimaled. OF the four Hargreaves estimates were
cloge 1w the Penman's. On an average, Hargfeaves relation resulted in 21 per cenl error, Data when
separaled season-wise have indicated that relations differed in their accuracy during the three seasons,
Calibration coefficients evolved for all the four relations an annual as well as on season basis reduced

the arrors in PET ostimation.
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Potential evapotranspiration (PET)
data 15 used to estimate regional evapoirans-
piration (ET), which is the amount of water
lost from an extensive short green vegetation
that completely covered the ground under con-
ditions of unlimited and unrestricted water
supply. The data on PET is also useful to es-
timate potential crop production and crop wa-
ter requirement through use of crop-coefficient
value (K ), a ratio of ET and PET.

The data on measured PET under
ideal conditions as defined 1s difficult to ob-
tain for many parts of India, Several empiri-
cal formulae have been proposed for the esti-
mation of PET directly from meteorological
data. Of all the methods, modified Penman
method (Doorenbos and Prnitt, 1977), has
recieved wide acceptability. It was found to
vield reasonableble estimates of PET for a
number of Indian stations (Rao et al,, 1971)
and the estimates were closer to the experi-

mentally determined values (Olaniran, 1981

and Rao eral, 1983). A simple empirical for-
mula with computational convenience but with

sufficient accuracy need to be identified tak-
ing mto consideration limited meteorological
data available at many of the Indian stations,
Kumar ef af., (1987) found a seasonal influ-
ence on PET estimates for many [naian sta-
tions. In this present study an attempt has there-
fore been made to identify suitable empirical
relations among the four viz,, Thornthwaite
{1948) later modified by Thornthwaite and
Mather (1955), Hargreaves eral (1985)and
Baier et al. (1978) that require temperature
as the only measured input ds well as Turc
{1961) method requiring additionally hours of
bright sunshine, An attempt has also been
made to study the influence of season on such
relations,

MATERIALS AND METHODS
The data required for the compari-

Journal of Agrometeorology/Ceety/59



December 1999]

son of different formulae were collected from
meteorological observatory located on the
Agriculioral Farm Bapatla (15° 54" N 32°3('E
and 3m AMSL) for the period 1991 -1996,
On some days all the data for computation of
PET by Penman method were not available
and hence those davs were not considered,
thus, making a total data setof 1757 days. The
daily PET was estimated using different for-
mulae as follows:

Maodified Penman method

PET=C [W. R, + (1-W). f{u).(e, - €]
we{EQL 1)
where,

PET = reference crop evapotranspiration in
mm day

W= temperatore related weighing factor

R, = met radiation in equivalent evapora
tion in mm day™

fiu) = wind related function

(e -e,) = difference between the saturation
VAPOUT pressure at mean air tempera
ture and the mean actual vapour pres
sure of the air both in mb

C = adjustment factor to compensate for
the effect of day and night weather conditions.
All the above parameters were deduced as per
the procedure outlined by Doorenbos and
Pruitt {1977).

Thoernthwaite method
PET=1.6 { (1001/1)® -{Eq.2)

where,
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PET = adjusted potential evapotranspiration
in cm (12 hrs. day time)

1= mean temperature in*C
= annual heat index = Z (1/5)""
t = temperature in *C of the i ® month

a= anempirical exponent =675 x 107 F
771 x 107134 1792 2 10 21+ 049239

{= day length factor.

The values of | and a used for Bapatla
and calculated from long term meteorologi-
cal datawere 1= 162,812 anda=4.272.

Hargreaves method

PET=0.0023R, T, (T+17.8) ..(Eq3)

where,

R, =extra-terrestrial radiationin mm day*

T, = difference between maximum
and minimum temperature in*C
T = mean temperature in *C.

The value of R, on any given day was
deduced from the Table 2 of Doorenbos and
Pruitt {1977),

Ture method
PET=040T (R+50)/(T+15) ..(Eq4)

where,

T = mean air temperature in *C
B = solar radiation in langleys

The R, inthe above relation was es-
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timated as per the procedure out-lined by
Doorenbos and Pruitt (1977).

Baier method

PET=00034[(T__ x0.928HH0.933(T,_-T )
+0.0486 R, -87.03] ...(Eq.5)

where,

T_. . T . are maximum and minimum tem-

peratares inC and R, was deduced as ex-
plained earlier.

After computing PET by different meth-
ods, the data were separated into three sea-
sons namely Hrarlf (June- Sept.), rabi (Oct.-
Jan.) and summer (Feb.-May), The accuracy
of each method in comparisen with modified
Penman method was analyzed statistically by
using root mean square (RMSE), mean bias
(MBE) and mean percentage (MPE) error val-
ues as

RMSE = [ £ (PET,-PET )/n]°*
MBE =| g (PET,-PET )J/n
MPE = { £ [(PET,-PET )/PET,]100}/n

s

5

b

Frtqeiial FMpai R pialcn {mmiduy)
: = ®
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where,
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n = number of observations

PET = PET as estimated by modified Pen
man method

PET = PET as estimated by the empirical
relation in question.

While determining MPE value, the
sign of the errors were neglected and the per-
centage crrors were added to calculate the
mean,

RESULTS AND DISCUSSION

The PET values as estimated by dif-
ferent methods are compared with modified
Penman method, which in the present study is
taken as a reference, by detemining the mean
deviation from the Penman method (Fig.1).
The results indicate that all the methods dif-
fered considerably from the Penman method,
Thornthwaite and Turc methods have over
estimated the PET, whereas Baier method gave
under-cstimates. Off all the four relations,
Hargreaves relation resulted in estimates closer
to the Penman estimates.
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Fig. 1 : Deviations from modified Penman estimates
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The Baier relation was employed for PET
estimation for most of the Canadian sites
where cooler temperatures are prevalent. The
factor 87.03 in Eq.5 may not hold good for
tropical weather conditions like those at
Bapatla where the temperatures are relatively
high.

Ture formula gave higher estimates
but relatively lower than those from Thornth-
waite’s relation, Hargreaves grass related ra-
diation method, though derived from cool sea-
son Alta fescoe grass lysimetric data from
Davis, California resulted in PET estimates
close to modified Penman method. Thus this
relation can be expected to give better esti-
mates of PET for climatically analogous sta-
tions. The results statistically analyzed with
the help of RMSE, MBE, MPE values, as a
function of their deviation from Penman
method, are presented in Table 1.

It could be seen from the MPE val-
ues that Hargreaves method resulted in about
21 per cent error followed by Baier, Turc and
Thornthwaite method in that order. The MBE
values indicated that except Baier method all
other methods have over-estimated the PET,

Calibration coefficients

In order to improve the predictabil-
ity of cach of these relations, calibration coef-
ficients were evolved by linear regression tech-
nique with modified Penman estimate as de-
pendent variable. The regression coefficients
are presented in Table 2. The coefficient "a’
values in Table 2 also indicate that Hargreaves
and Turc methods are under estimating and
based on the slope value that is nearest to unity,
it can be concluded that Hargreaves estimated
values were closer 1o the modified Penman
estimates, The efficiency of these calibration
coefficients in reducing the errors for each
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relation was determined by multiplving the
PET as estimated by that relation with coeffi-
cient 'b" and then adjusting the product by the
interceptie "a’ value, The resultant PET es-
timates were again subjected to statistical
analysis (Table 3).

The data in Table 3 indicates that the
errors were narrowed down in each relation
with the use of calibration coefficients. The
magnitude of the reduction in errors was the
highest with Thornthwaite method followed
by Turc and Baier and the least with
Hargreaves method,

Seasonality factor

The march of different relations as
depicted in Fig. 1 indicates that there could be
some noise due to season. Kumar ef al (1987)
indicated that Thornthwaite method tends to
give higher estimates than Penman method
during the monsoon season and Penman
method gives higher estimates during winter
scason. These observations have prompted us
to separate the data into different seasons and
subjecting them to statistical analysis to quan-
tify the seasonal influence, ifany, The results
{Table 4) indicate that the errors during &harif
season were more with Thornthwaite method,
during rabi with Turc, and during summer with
Baier method. Kumar efal_ (1987) found that
seasonal differences in actual vapour pressure
and sunshine duration could significantly con-
tribute to diffrences between modified Pen-
man and Thomthwaite estimates.

To reduce these errors in estimates
{Tahle 3), season-wise calibration coefficients
were evolved for each of them, and these are
presented in Table 5.

The PET values were estimated us-
ing the season specific coefficients, and the
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Table 1: Performance of empirical relations in comparison to modified Penman method

(pooled data)
Parameter Thornthwaite Hargreaves Ture Bater
RMSE G o] 1.42 888 478
MBE +14.85 H1.34 +8.77 -4.44
MPE 342.23 21.04 258.23 10:4.55
Table 2 : Calibration coefficients for the four empirical relations
Relation a b R? r
Thornthwaite 2.6908 .0832 0.42 .63
Baier 13.3630 56.6715 0.23 0.57
Hargreaves -1, 8408 1. 1085 0.39 (.63
Ture -26.5529 2.3624 (.59 0.77

Tabie 3: Performance of empirical relations with calibration coefficients

Parameter Thomthwaite Hargreaves Ture Baier

RMSE 41,182 46,199 37.163 52.771

MEE -0.055 +3.014 +).036 -0.013

MPE 11.642 10.7%6 7.583 13.914

Table 4: Influence of season on the performance of difTerent methods

Season Parameter Thormthwaite Hargreaves Turc Baier

Kharif BMSE 20,404 1.378 10,589 4,952
MBE +18.988 +0.196 +10.335 -4.66
MPE 431395 16.081 285.898 104.298

Rabi  RMSE 6,304 1.347 11.391 3.017
MBE +5.774 +1.190 +11.376 -2.94%
MPE 219.272 47,648 434,450 106,632

Summer RMSE 17.94 1.506 10.6Y9 4. 968
MEE +15.029 +0.201 +10.63 -4.59
MPE 338119 19.516 302.632 448239
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Table 5: Season - wise calibration coefficients

Season  Relation a b R’ r
Kharif Thomthwaite 1.137 0.143 0.53 0.73
Hargreaves -0.303 1.023 0,35 (.59
Turc -22.421 1.792 0.66 081
Baier 14.048 59,541 0.32 .56
Rahi  Thornthwaite 2.039 0.086 0.13 (.36
Hargreaves 0.713 0.521 024 049
Turc -10.069 0.907 061 078
Baier 5232 14,754 0.07 0.26
Summer Thomthwaite 1.829 0.134 0.64 .80
Hargreaves -0).986 1.164 0.319 0.62
Turc -22.987 1.819 0.83 0.91
Baier 14.073 60.387 0.26 0.51

Table 6 ;: Performance of each relation with season-wise calibration coefficients

Season Parameter Thornthwaite  Hargreaves Ture Baier

Kharif BMSE 133 1.86 0.98 1.16
MEE -0.001 (0001 +0.00001 +0.00007
MPE 8.597 10.87 4.902 11.65

Rabi  RMSE 0.371 0.570 (1406 0.630
MBE =0 00003 0.00006 0.000008 0.00004
MPE 5198 L.430 (.786 1.631

Summer EMSEE 1.139 1.480 0.786 1.631
MBE 0.0002 (00012 0.0003 ~0.00003
MPE 8.937 12.08 2.148 15.541

resultant estimates were again subjected to sta- nical Bulletin No.87, Agrometeorology

tistical analysis, and the results are presented section, Agriculture Canada, Ontario,

in Table 6. 1t is noticed by comparing results Canada,

of Table 3 with those reported in Table 6, that

season specific calibration coefficients re- Doorenbos, J. and Proitt, W.O. 1977, Guide

duced considerably the errors irrespective of lines for predicting crop water require-

the method used. ments, FAO Irrigation and Drainage pa-
per No. 24, 2™ Edition, FAQ, Rome, ltaly,
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